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Abstract

A cDNA encoding the long form of the turkeyMeleagris gallopavo) leptin receptor(LEPR) was cloned and
sequenced. Turkey LEPR showed greater than 90% sequence identity at both the nucleotide and amino acid level with
chicken LEPR. The LEPR gen@ong form) encodes a protein of 1147 amino acids that has features similar to other
LEPRs including: a signal peptide, a single transmembrane domain, and specific conserved motifs defining putative
leptin-binding and signal transduction regions of the protein. In addition, a LEPR gene-related pk@EiR-GRP
mRNA transcript was also identified and a portion of the corresponding cDNA containing the complete coding region
was sequenced. The turkey LEPR-GRP gene encodes a 14daamino acids protein that is distinct from LEPR.

LEPR gene expression was quantified relativggtactin in total RNA samples isolated from various tissues of 3-week-

old turkey poults. Expression of LEPR was highest in brain, spleen and lung tissue with lower levels of expression in
kidney, pancreas, duodenum, liver, fat and breast muscle. In developing turkey embryos, expression of LEPR was highest
in brain tissue throughout incubatigdays 14—28. Expression of LEPR in embryonic liver tissue peaked at day 16 and
then declined toward hatchin(glay 28. Yolk sac expression of LEPR declined from day 14 to day 20 and then increased
toward hatching. Our findings clearly demonstrate the expression of LEPR and LEPR-GRP in different tissues during
embryonic and post-hatch development. In conclusion, this is the first report to identify and characterize LEPR and
LEPR-GRP gene homologues in the domestic turkey.

© 2003 Elsevier Inc. All rights reserved.
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1. Introduction leptin signals the brain about the status of body
energy (fat) stores by binding to leptin receptors
Leptin, a small(16 kDa) cytokine-like hormone located in discrete nuclei of the hypothalamus.

produced primarily by adipose tissue, functions in This, in turn, activates specific neural and neu-
regulating feed intake, energy balance and repro- roendocrine pathways that modulate food intake
duction in mammal¢Friedman, 2002 Circulating and energy expenditure in an attempt to maintain
* Mention of a trade name, proprietary product, or specific energy stores and bo_dy weight at a set |€(‘F@Idy
equipment does not constitute a guarantee or warranty by ~ and Weber, 2000; Friedman, 2002lthough lep-
USDA and does not imply its approval to the exclusion of tin has been widely studied in mammals, less is

other suitable products. _ o known concerning the role of leptin in the control

301?;623_2%02?'”9 author. Tel.+1-301-504-8892; fax:+1- of feed intake and energy balance in avian species
E-mail address- (Houseknecht et al., 1998; Reidy and Weber, 2000;

richards@anri.barc.usda.géM.P. Richards. Richards, 2008 A chicken leptin gene homologue

1096-4959/03/$ - see front matt@r 2003 Elsevier Inc. All rights reserved.
doi:10.1016/S1096-4959(03)00260-4



834

has been identified and sequenced that was highly
homologous(>97%) to mouse leptin(Taouis et

al., 1998; Ashwell et al., 1999 However, there is
considerable uncertainty concerning these reports,
since other groups have been unable to verify the
existence or expression of a chicken leptin gene
based on the reported nucleotide sequdiaed-
man-Einat et al., 1999 Thus, an investigation of
the central role of the leptin systethe. leptin and

its specific receptorin regulating feed intake and
energy metabolism in avian species is needed.

To fully understand the physiological effects of
leptin, it is necessary to study the structure and
function of its cognate receptor. The reported
pleiotropic effects of leptin on different organ
systems that regulate metabolism, reproduction,
immune function, hematopoeisis, angiogenesis,
bone growth and other basic physiological func-
tions depend on signaling through the leptin recep-
tor (LEPR, also commonly referred to as OB:R
LEPRs have been identified for a number of
domestic animal species including pig, cow, sheep
and chicken(Dyer et al., 1997; Houseknecht and
Portocarrero, 1998; Horev et al., 2000; Ohkubo et
al., 2000; Lin et al., 2000; Ruiz-Cortes et al., 2000;
Ingvartsen and Boisclair, 2001; Chelikani et al.,
2003. As a member of the class | cytokine
receptor superfamily, LEPRlong form) consists
of individual extracellular, membrane-spanning
and intracellularcytoplasmig regions. The extra-
cellular region contains multiple ligand-binding
portions including: immunoglobulifC2), cytoki-
ne receptor(CK) and fibronectin type Il1(F3)
domains (Fong et al., 1998 The cytoplasmic
region contains domainéboxes 1-3 implicated
in signal transduction pathways involving Janus
kinase(JAK) and signal transducers and activators
of transcription(STAT), as well as, unique tyrosine
phosphorylation sitegTartaglia, 1997; Haniu et
al., 1998. In general, members of the cytokine
receptor family are encoded by very large genes
with multiple first exons distributed over large
genomic areas and are under the control of alter-
nate upstream regulatory regiofkindell et al.,
200D).

While there has been intensive study of mam-
malian LEPRs, less is known about the avian
LEPR gene. Sequences corresponding to LEPR
long form have been reported for the chicken and
expression of the LEPR gene has been demonstrat-
ed in central and peripheral tissues, including the
hypothalamugHorev et al., 2000; Ohkubo et al.,
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2000; Benomar et al., 2003Moreover, the LEPR
gene has been mapped to chicken chromosome 8
(Dunn et al., 200D Although a turkey leptin gene
homologue has recently been identified and a
corresponding cDNA partially sequencesshwell

et al., 1998, nothing is currently known concern-
ing the functiofs) of leptin or the existence of
LEPR gene homologues in this avian species.
Therefore, the objective of this work was to iden-
tify and begin to characterize the LEPR gene and
to determine its pattern of expression in different
tissues at different stages of embryonic and post-
hatch development in the domestic turk@yelea-

gris gallopavo).

2. Materials and methods
2.1. Animals

Fertile turkey eggs were incubated in a standard
commercial incubator. On incubation day 14, 16,
18, 20, 22, 24, 26 and 28hatching, five eggs
were removed and samples of embryonic liver,
brain and yolk sac membrane were collected.
Turkey poults were reared from hatching to 3 week
of age in heated battefprooder units. They
received a standard starter poultry ration and water
ad libitum. Samples from various organs were
collected at 3 week of age. Tissue samples were
snap frozen in liquid nitrogen and stored -ai80
°C prior to RNA isolation. All protocols involving
the use of animals received prior approval from
the Beltsville Animal Care and Use Committee.

2.2. Molecular cloning and sequencing of the
turkey leptin receptor (LEPR) and leptin receptor
gene-related protein (LEPR-GRP) genes

Brain total RNA and a primer-directed, reverse
transcription-polymerase chain reactiofRT-
PCR)-based strategy were employed to clone por-
tions of the turkey LEPR and LEPR-GRP genes.
The turkey LEPR(long form) cDNA nucleotide
sequence including the complete coding region
and portions of the '5 and 3-untranslated regions
was derived using primer setsee Table 1 ini-
tially based on sequence previously reported for
chicken LEPR cDNAs(GenBank accession nos.
ABO033383 and AF169827 With these primers a
series of overlapping PCR products was generated.
The overlapping PCR products were then assem-
bled into a single fragment of contiguous sequence.
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Table 1
PCR Primers
Primer sequencés’-3')* Positior? Orientation Product sizebp)
ACATCAGCTGGAGGATCTGG 1-522 Forward 522
GAATAAGCATCCTCGCTTGC Reverse
GGAGCAATAACAACGCCAGT 460-961 Forward 502
ACAGGCTCAGACCAGCAGAT Reverse
TTGGTCACCCTTGATGTCAG 845-1354 Forward 510
ACTTTGCTTACGCGATCGTT Reverse
AGAGCGTAGCGTCCAAGAAG 1258-1754 Forward 497
TTCAAGTGTTCCCAGCGAGT Reverse
TGCACATTTCAGCCTGTTTT 1677-2185 Forward 509
ATCAGTGGCTTCCACAGGAG Reverse
GGCTACTGGAGCAACTGGAG 2040-2548 Forward 509
GGAACTTGCACCCACTTCAT Reverse
CAGCACGTGTGTGATTTTGA 2432-2928 Forward 497
TTTCCGGTTCCAGAAGAAGA Reverse
CGCACCGAAGAATGAAGAA 2767-3263 Forward 497
CCAGGAGCTACCTGAGCAAG Reverse
TCCAGATCAGGTGGGCTTTA 3153-3639 Forward 487
CTGTGGTCTCTTGCACCTTG Reverse
GCTCAGAGGTGTGGGATTTC 3509-3976 Forward 468
CAACACCTGGAACAAGAGCA Reverse

1 Oligonucleotide PCR primer sequences designed from chicken leptin receptor se@en&ank Accession Nos. AF169827 and

AB033383.

2 Numbers corresponding to position in turkey leptin receptor sequé@eaBank Accession No. AF321982

For LEPR-GRP, PCR primer sets were designed
from EST sequence for chicken LEPR-GRP
(Boardman et al., 2002 Each PCR product was
subjected to bi-directional automated fluorescent
sequencing using an ABI Prism 310 Genetic Ana-
lyzer with the ABI Prism big dye terminator cycle
sequencing kit(Applied Biosystems, Foster City,
CA) or a Beckman Coulter CEQ 8000XL Genetic
Analysis System with the dye terminator cycle
sequencing(Quick Star) kit (Beckman Coulter,
Inc., Fullerton, CA. Rapid amplification of cDNA
ends (RACE) was employed to characterize the
3’- and 5-ends of LEPR and LEPR-GRP cDNAs.
Total RNA (1.0 pg) was used to prepare-3and
5-RACE ready cDNA using the SMART RACE
cDNA Amplification Kit (BD Biosciences Clon-
tech, Palo Alto, CA. PCR was performed using
Platinum Taq DNA polymerase with 3.5 mM
Mg2* (Invitroger/Life Technologies, Carlsbad,
CA), touchdown PCR, and LEPR and LEPR-GRP
gene specific 3(forward) and 3-(revers¢ RACE
primers. Amplified cDNA fragments and RACE
products containing sequence corresponding to the

5- and 3-ends were either subjected to direct
sequencing or were sub-cloned into the fCR 2.1-
TOPO vector using the TOPO TA cloning kit
(Invitroger/Life Technologie$ and sequenced
using M13 forward and reverse sequencing
primers.

2.3. Reverse transcription polymerase chain reac-
tion (RT-PCR)

Total RNA was isolated using Trizol reagent
according to the manufacturer’'s recommended pro-
cedure (Invitroger/Life Technologie$. Reverse
transcription(RT) reactions(20 wl) consisted of:

1 ng total RNA, 50 units SuperScript Il reverse
transcriptase(InvitrogeryLife Technologie$, 40
units of an RNAse inhibitofInvitrogery Life Tech-
nologieg, 0.5 mM dNTPs, and 100 ng random
hexamer primers. Polymerase chain reaction
(PCR) was performed in 2.l containing: 20 mM
Tris—HCI, pH 8.4, 50 mM KCI, 1.Qul of the RT
reaction, 1.0 unit of Platinum Tag DNA polymer-
ase(Hot Starp, 0.2 mM dNTPs, 2.0 mM Mg"
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(InvitrogeryLife Technologie$, 10 pmol each of
the LEPR or LEPR-GRP gene-specific primers
and 5 pmol each of th@-actin primers:

1. LEPR (total)?*
forward: B-CAGTGTGAGCCGGTACGTTA-3
reverse: 5GGAACATCTTCCCAGAGCAG-3
2. LEPR (long form)?
forward: B-GGGCACAAGGTGTTGATTTT-3
reverse: 5GGTAATGGAGACCTCGCTCA-3
3. LEPR-GRP
forward: B-CGGGTATCAAAGCTCTCGTG-3
reverse: 5CCACTGTTCCCAGCTAAAGTC-3
4. B-actin
forward: B-TGCGTGACATCAAGGAGAAG-3
reverse: 5TGCCAGGGTACATTGTGGTA-3

Thermal cycling parameters were as follows: 1
cycle 94°C for 2 min, followed by 30-35 cycles,
94 °C for 30 s, 58—60°C for 30 s, 72°C for 1
min with a final extension at 72C for 8 min.
Verification of the identity of the amplicons for
LEPR (total and long form, LEPR-GRP and3-
actin was accomplished following RT-PCR by
direct, bi-directional sequencing of each PCR prod-
uct using the automated fluorescent DNA sequenc-
ing approach described above.

2.4. Capillary electrophoresis with laser-induced
fluorescence detection (CE/LIF)

Aliquots (2 ) of RT-PCR samples were diluted
1:100 with deionized water prior to CE-LIF. A
P/ACE MDQ (Beckman Coulter, Ing.equipped
with an argon ion LIF detector was used. Capillar-

1 Determination of ‘total’ (long+short form3 LEPR was
achieved by using a forward primer anchored in exon 15 and
a reverse primer that annealed to a site in exon(se&® Fig.

1). This would effectively amplify all transcripts containing
sequence through the box 1 mofgee Fig. 2, that is both
long and shor(total cellulap forms, but not those transcripts
that lack the transmembrane domain region located in exon
18 (often referred to as the ‘soluble’ receptor or Op-R

2The determination of long form LEPR was made possible
by designing a reverse primer within the sequence correspond-
ing to exon 20(see Fig. ). By doing so, only cDNA
transcripts corresponding to the full-lengiong form) recep-
tor would be amplified.

3 Oligonucleotide primers for leptin receptor gene-related
protein (LEPR-GRP were designed from a chicken expressed
sequence tag: ES#045306.2(Boardman et al., 2002

ies were 75um 1.D. X 32 cmu.SIL-DNA (Agilent
Technologies, Folsom, CA EnhanCE dye
(Beckman Coulter, Ing.was added to the DNA
separation buffer(Sigma, St. Louis, MQ to a
final concentration of 0.5.g/ml. Samples were
loaded by electrokinetic injection at 3.5 kV for 5
s and run in reverse polarity at 8.1 kV for 5 min.
P/ACE MDQ software(Beckman Coulter, Ing.
was used to calculate peak areas for the PCR
products separated by CERichards and Poch,
2002.

2.5. Quantitation of LEPR gene expression

The level of LEPR gene expression was deter-
mined as the ratio of integrated peak area for the
LEPR PCR product relative to that of the co-
amplified B-actin internal standardRichards and
Poch, 2002 Values are presented as the
meant S.D. of five individual determinations.

3. Reaults

3.1. Molecular cloning and sequence analysis of
turkey LEPR cDNA

A cDNA fragment derived from the LEPR gene
(long form) consisting of 3976 nucleotide@t),
was cloned from turkey brain mRNA using a
primer-directed, RT-PCR-based strategy and se-
guenced GenBank accession number AF321982
This fragment contained an open reading frame of
3444 nt that encoded a predicted protein containing
1147 amino acids with a molecular mass of 129
kDa (Fig. 1). In addition, 209 nt of the send
untranslated regiofUTR) and 323 nt of the '3
end UTR were also determined. The deduced
amino acid sequence of turkey LERRNg form)
contained 38 cystein€C) residues available for
potential formation of intramolecular disulfide
bonding and 56 asparagirf®l) residues as poten-
tial sites for N-linked glycosylatiorfFig. 1). Sev-
enteen of the 18 cysteine residues reported to be
involved in disulfide bond formation in the extra-
cellular portion of the human LEPR were con-
served in the turkey LEPR, whereas 11 of the 18
mappedN-glycosylation sites were conserved in
this same region of the turkey LERRIaniu et al.,
1999). Together, these findings suggest a similar
tertiary protein structure of the turkey LEPR as
compared to the human receptor.



837

M.P. Richards, S.M. Poch / Comparative Biochemistry and Physiology Part B 136 (2003) 833-847

<g Xxog>
« D F N E I 2 ED ANV YLA DAIDOEAXAIAITENIS
L CO¥DYE 19 L LNOCOYYVLLYODY
| | [ | |
THEE 178¢ tove TaEE g€

$ 014 ¥ KTHNGJd4EULHND g 4880 ¥TTaYlHEHSANTYSSELCdTYN YA LI O EDTDYTI OO C TN T 9 a s a3 s 49355 118
OO LILLIEOO LY WILLTLOL 5 1YL LI DDA LY DY 0L YOV ONYLLLLILLYD: YOO L INILIOTYTEDIDTL LOLOIOL YO LT LLIOOLYOL L. LLLLY: LI3LINLIO00L
| | | | | | | | | |

TreE 1zEE T08€ 8cE 9cE Tee 3943 10z 188 918 wie 443

T L 3D d WS HdADOAd4&TTTAadadas OTHEMS SO E S A DY Y TEOITY TJIO0 U A4 DS ¥ 4N AADdATHHSE S K S I ALY KX ANSD SLA¥YaIladys

230504 L I.:T E,
| l | | | | ) | ! |
Tote T80€ 190€ TPOEC Tzot T00T 86T T96T TP6T 1T6T 1062 88T
<—--g Xog-——>
d 53 D3 8§ 48 ¥ D S m H 8 § m U ¥ § ¢ E & 8 @ 8 4 A L 4 L & 4 - ¥ 8 4 a0V L aab W T ¥R LA S I ad T AT 4T TTTAdHE IS WY E 4 ENALTHSD 4 I T a0
2905, S399R0T001 1PTNOOT N NOINDONDTOL VOV LIS NS A A
| | | | | | | |
98z Tvez 20z o8z “aez e e ez Tocz tost 1952 w5z
02 uox3< |
<ommmen | XOG> Commmmmmmnnenee UIRLIOQ SUBIGISWISUEBA | ---mrmmmmmmmes >
© 4 a A ® 0 ¥Y M E D NIAZAdNLdATETRTT N A MWYEYHEHSATTVY D TITTHS I S I A I L4TAAETS S § L0 85 ¥ A S d A 1 40 d L ¥ ¥ § A DA B Y Y & A d A TS
e . D OLLLDIOOOODNEDLID)
| [ | | ! | | | i ! |
<25t 052 T85e 952 “wsz 22 o5z Tove 962 tvve tevz “ove
61 UOX3¢ | 81 uox3« |
4 ¥ 2 ¥ 8 I T I 4 HA@ AT AKX XS I NE&d4A Y AMNWHE T TN KTHNNHMWETITITTS LI AEIDEISTIMILTIADILISNAGSGIZIYI TS DAY NAULSIKDO®¥S TL
7 7« LLEDLL LUOLVIL L _AJ i L i LYLL -7:2 J LOSEDLLLOSOVODLL: _< 2 Lnﬂ MLOVRD: L LT LNV, 0 ﬁthHUv_N
i I
8€T T9€2 TYET TZET T0ET 82T 9z ™z TZZT oz 1812 91T
L1 uoxg« 91 uox3«|

TN A KA S S ¥ DI S HNA&AY¥TI LI LELHSEZIMdIJS DL LOSHEAAXIT S MBS LNITS SO HEI A KDY S ASDTSHNTNWNTAEDS L TTLANZLDSL Y dAaa:dl

wirLEe z EDIEOLT o ORI ROV GOV 03 @ oow000107: e
| ! | | | | | | ! I |
vie ete 1012 1802 502 0T e 1002 1861 1967 1861 Tzt

1 uoxz3<|
T# JIOW SMXSM
I I 39 ® 4 3 m © H T d ¥ O I ¥ A ¥ ¥ AL ¥ S d S5 4 KNS HMADTO ATV I DT I B AT X 34D TDHATI A Y S A LS > 8 1T A % 2 7T 3 4 LT E F AL NAYREAI D AN
DL L LENELIIIDD LN LI0D LODNYD LY ENDLOL IO IBLLOIDEOL L L LD LY LT YYD DL DD LY B4 NN Eo DL LD LN L DTODDLD LD LS. TLOTIDLNONILLLIVY
il I | i i I | i I |
061 rsat tost Teat zat tost tat tout it ret rost a0t
I uox3<| €1 UoX3<|
T3 ada K ¥ Jd A& NY M S ANTITS IKAETILIITY XTI TS 47T a3 A AaT¥YdassD L4698 8 T1IH5 TS HE I I T MK ADISTTAEASED I L DT XS HNETD AR
- 5 o 520902000L0N L0 LDLOLLTN RO RLIO TN LNV EDTL L E0LOTE INES1200L LONOONLIDLLNLNDSNONIDLLIND
| | | I I | ! ! I !
991 TPST 29T TO9T Z8sT T9ST TYST TEST TOST T8¥T T9YT TEFL
N_.:oxmAli
S I A A HE S E <& d L s d3d NS 2K I NS ¥ HXYTD T B S N 2 ¥ 8 M ¥ 2 L W X LT ADAaaLE DN ININACAAZXZTAEY A ¥ EHDIEZYENDTHDIDLT
oo oL VLTS SeoRLLL o0 o5 e RIS 1000 STHSSEREN
| | | I | ! ! ! ]
“ze1 Tovt aet ToeT : zet ToeT TeeT 971 13z ezt -0zt
1L uox3«| 01 uoxg«|

¥ N 8§ 4 4 § » ¥ d 2 L ¥ % TN 4 1T 1 A XS A dad L A 1TL XD s @8ds &8 ¥ TNTH MM ATIDNS EAS NI XNNARIIIDHLSEANSO®ASELTIYLAJdLdETA DY D
OO0 I LR YR IO VT V0T YeP LD VRO LI OWL LD e or 2 LTI EOTI0R T : INOBLIDLLINOLLIBOYIO1I0L ONIIO0SIHTOIOVERLIONDD
I ! | | I I i | | |
“et1 o1t win Tett o1t Te0t w901 TeoT 20t too 156 156

6 uoX3« |

L# MO SMXSM

A N TR A T d s 4 % 8 MM 4 5 d 9 K5 HHNXDH AT VY LB S S5 aAaTTMWSOTATATTS LNTYADAADI NS NI H JdND2 S I N AT K ¥ T 43 K dKHJdAJ L S H 2 I A AD D
DLOLKNDIOLY 5 LozE15L SruOLLS LODOLEVVNOLEOVDOL e, 108000YL o5L o100
| | | | | | | 1 I 1
6 126 08 a8 a8 re 1z to8 tez tsi T oL
g uox3« |
4 I I W F THANTAEL a4y s I 3T &% A S KHTI S M T 4L A D I A AN q z _> 1 A L H X T ¥ 32 5 dAHDI IS TSI IT F§ DO NSO Y ¥ TY¥ L HES TS S 1L S5 I aaT
NNV ORI LOBLO LEUL LLIDLIIOUELS, N LMoV LNODO BN SO LLYOL LY LEEL LD LITIVYIES L NN DO SO IDLIIIELEL A 1081098 Z000BLBRTD T e 001
| l | | | | | | |
oL 189 95 o 2 00 a5 105 trs 126 tos 8
N:ome_
§ A E A ¥ A T THAYEMNWNATHENKH N4 EDOTS DA TTITTHEH &8 A I I I N #8 NF d¥ &8 88858 ¥ 85 I 8 1 C8S d1I TWHE YO ANDIEXTS D E ¥ NN TE NTDD
LOToEuD: L LLOYONAIYOVOLIIOVEOI0DLI: ar L I99DLIOINYOLE 51T TWoBIoL LL9LIN L 35V OBV DTE LIoLE 080
| | | | | | | | 1
9% hisd 1ze 108 B T9E TPE 128 10t 182 192 ¥z
9 uox3«| g uox3«|
¢ ulel0.d aImeR <« | ndad [eubis:
T 4 8 I T TN A m 4d H 1 8 ¥ I D2 X% % ¥ ¥ WO S M SO A ADY ¥ S I EF TS I ENTTTOSIdTI LS AJ : I 2 H A MWDODUY¥Y¥YY¥Y A ETJAdATTASKITITICLdHEDIHN
o101 IV LOIATIDOTENOLLL YOIV LI ¥ P
| I 1 I I | | | 1
1ee (115 8L [E13 [543 Ll L8 L 34 (¥4 L
v:ome_ <« ¢ uoxg

Fig. 1. Nucleotide and predicted amino acid sequence of the complete coding region for the turkey LEPR gene. The first nucleotide of
each exon within the coding region is indicated. Exons were designated according to Hore2€08l. Specific structural motifs

(signal peptide, WSXWS, transmembrane domain and boxe$ dre3indicated underneath the relevant portion of the amino acid and

nucleotide sequendgetters in bold typg& The positions of conserved tyrosin€g975, Y1070 and Y112Bpresent in the intracellular
domain region are indicated by bold letters in the amino acid and nucleotide sequence. Also, a conservative amino acid change of

glutamine to glutamic acidGIn260GIy is noted in bold lettering at the site in the extracellular donféacated within exon ¥ of a

point mutation that disrupts LEPR signaling in the faffiy/fa) Zucker rat.
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Turkey Mammalian
1 Motifs Extra-Cellular
WSXWS Domain
Putative L eptin
Binding Site
wsxws 816aa
— X Transmembrane
— TMD 2323 Domain (TMD)
Box1 T (Sgél';ﬁ,llj
Box 2 303 aa Short e
Form
(Ob-R ) Intra-Cellular
Box3 N ’ Domain
Long
Form
(Ob-R))

Pre-Protein=1147 aa

Mature Protein=1126 aa

Fig. 2. A schematic representation of turkey and mammalian LERRg form) detailing the overall siz€in amino acids, aaand

positioning of specific conserved structural motifs and the nature of LEPR splice variants that have been identified for the mammalian

receptor(Ob-R,.o).
3.2. Features of the turkey LEPR

The turkey LEPR(long form) is predicted to
possess a signal peptide comprised of 21 amino
acids, an extracellular-domain of 810 amino acids,
a single transmembrane domain of 21 amino acids,
and an intracellular domain consisting of 295
amino acids(Fig. 2). A number of features char-
acteristic of members of the class | cytokine
receptor super-family were also found in the turkey
LEPR (Table 2. These include the presence of
multiple cytokine receptofCK), immunoglobulin
C2-like (C2) and fibronectin type 1I(F3) domains
(Fong et al., 1998 In addition, a pair of repeated
tryptophan'serine motifstWSXWS) was found in
the extra-cellular region of the turkey LEPR form-
ing an approximate boundary for the putative
leptin-binding domain that consisted of combined
CK-F3 domains(see Fig. 1 and Table)2 The
intracellular domain contained three conserved

regions(boxes 1-3 that have been reported to be
involved in the binding of JAK2 and STAT-3,
STAT-5 and STAT-6 in mammalian LEPRGhi-
lardi and Skoda, 1997 In addition, the intracel-
lular domain contained three conserved tyrosines
(Y975, Y1070 and Y1128; see Fig.) that are
thought to serve as intracellular phosphorylation
sites essential for leptin-induced signal transduc-
tion (White et al., 1997n The extra-cellular
domain contained a conservative amino acid
change of glutamine to glutamic acid at position
260 (GIn260GIyY. In the fatty (fa/fa) Zucker rat,
a single base change at this site results in a point
mutation (A-C at nt position 805 and causes a
proline to be substitute@GIn269Pr9 that deacti-
vates the signaling capacity of the receptor result-
ing in the observed obese phenotyyhite et al.,
1997h.

The structure of the turkey LEPR cDNA is
highly conserved with respect to the number, order
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Table 2

Features of the turkey leptin receptdrong Form) mRNA and protein

Feature Nucleotide Amino acid Description
positiont positior?

5-UTR <1-209 - 5 end mRNA untranslated region

CDSs 210-3653 1-1147 Coding region

Signal peptide 210-272 1-21 Signal peptide sequence

Mature protein 273-3650 22-1147 Functional receptor

Extra-cellular domain 273-2702 22-831 Extra-cellular portion that includes the

leptin-binding domain
Mutation site(fa/fa) 987-989 260 Site of GHPro substitution in the
‘fatty’ Zucker rat (fa/fa)

C2 domain 1164-1466 319-419 Immunoglobulin C2-like domain

Loop 720-881 171-224 Connecting loop

CK domain 381-719 58-170 Cytokine receptor domain
1467-17983 420-528

F3 domain 882-1163 225-319 Fibronectin type Ill domain
1794-2087 529-626
2088-2375 627-722
2376-2702 723-831

WSXWS motif 1134-1148 309-313 Conserved tryptopisanine repeat
2046-2060 613-617

Transmembrane domain 2703-2765 832-852 Membrane spanning region

Intra-cellular domain 2766-3650 853-1147 Cytoplasmic signaling pottany form)

Box 1 Motif 2771-2800 868-877 JAK-binding site

Box 2 Motif 2907-2907 900-906 JAK-binding site

Box 3 Motif 3591-3602 1128-1131 STAT-binding site

Conserved tyrosines 3132-3134 975 Intra-cellular receptor phosphorylation
3417-3419 1070 sites essential for signaling
3491-3493 1128

3-UTR 3654-3976 - ‘3end mRNA untranslated region

1 Numbers corresponding to position in turkey leptin receptor nucleotide seqi€&ecdBank Accession No. AF321982
2Numbers corresponding to position in turkey leptin receptor amino acid seq(€ecdBank Accession No. AAG40323

3 Region corresponding to the putative leptin-binding domain.

and size of each of the 18 coding exons sequenced
(Table 3. This is similar to what has been reported
for the comparison of chicken to mammalian
LEPR genedHorev et al., 200D Based on this
comparison, predicted exon boundaries were com-
pletely conserved in the turkey LEPR cDNA also.
Table 3 shows a size comparison of the 18 exons
(exons 3—20 that comprise the coding region for
LEPRs from different species. It is clear from this
comparison that exon sizes are quite similar across
different species and that exons 9 and 17, in
particular, display an invariant size. It is interesting
to note that the highly conserved exon 9 also
contained a portion of the putative leptin-binding
domain (Fong et al., 1998; Horev et al., 2000;
Sandowski et al., 2002 Exons 4 and 20, encoding
the N- and C-termina(long form) portions of the
extra-cellular and intra-cellular domain regions of
LEPR, respectively, showed the highest degree of
size variability.

The coding region of turkey LEPR was most
similar at the nucleotide and amino acid sequence
levels to chicken(>90% identity but less so
(approx. 40—-60%to mammalian LEPR$Tables
4 and 5. Within the putative leptin-binding
domain, increased nucleotide and amino acid
sequence homology was observed when comparing
turkey LEPR with other LEPRédata not showh
A high degree of conservation of specific amino
acid residues was also observed in the regions of
turkey LEPR and leptin proteins that interact in
the formation of a leptilLEPR complex(Fig. 3a
and b.

3.3. Expression of turkey LEPR in various tissues

Expression of both total(cellulan LEPR
(short+long forms and just long form LEPR was
highest in whole brain tissue from 3-week old
turkey poults. Lung and spleen also demonstrated
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Table 3
Size comparison for exons comprising leptin recepiong
form) gene coding region for different species

Exon number Turkey'®  Chickerf Mous€ Humart
(nucleotide$
3 38 38 40 40
4 311 311 330 330
5 118 118 124 124
6 205 205 206 209
7 147 150 143 146
8 151 145 145 145
9 291 291 291 291
10 121 118 118 118
11 196 196 200 200
12 150 150 149 149
13 156 156 160 160
14 84 84 83 83
15 213 213 217 217
16 186 186 183 183
17 96 96 96 96
18 105 105 106 106
19 75 75 76 76
20¢ 801 804 822 825
Total CDS' 3444 3441 3489 3498

Based on sequence data from GenBank Accession Numbers:

1AF321982,2 AF169827° U4613%, NM_002303.

20nly sequence beginning with the initiation codon is
included.

b Exor/intron junctions determined according to Horev et
al. (2000.

¢ Only sequence through the stop codon is included.

9Sum of exons comprising the coding region.

high levels of LEPR expression, whereas liver had
the lowest level of expression. In general, expres-
sion level relative tg3-actin of the long form was
less than that of total LEPR in all tissues examined,
suggesting the possible existence of short form
splice variantdFig. 4).

LEPR (total) was expressed in the developing
turkey embryo where it was detected in brain,
liver and yolk sac tissues between day 14 of
incubation and hatch(day 28. Expression of

Table 4
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LEPR in brain remained elevated throughout incu-
bation, whereas, expression in liver peaked at day
16 and declined toward hatch. Yolk sac expression
of LEPR declined to its lowest level on day 20
and then increased again toward hatching. Together
these results suggest differential regulation of total
(cellulan LEPR expression during embryonic
development of the turke¢fig. 5).

3.4. Expression of turkey LEPR-GRP in various
tissues

Using PCR oligonucleotide primers designed
from a chicken EST sequence for LEPR-GRP
(Boardman et al., 2002 evidence was obtained
for the expression of a turkey LEPR-GRP gene
transcript(Fig. 6). A combination of primer-direct-
ed RT-PCR and RACE vyielded sequence infor-
mation for a portion of the turkey LEPR-GRP
cDNA containing the entire coding region and
portions of the 5 and 3-UTRs (data not showh
Translation of the coding region revealed a pre-
dicted protein of 131 amino acids that was distinct
from the LEPR protein(Fig. 6). A speciedturkey
vs. human, mouse and jatomparison of the
entire coding region revealed that turkey LEPR-
GRP showed much higher sequence homology
both at the nucleotidéapprox. 80% and amino
acid level (approx. 90% than was observed for
the same comparison of turkey LEPRables 4
and 5. This suggests a higher level of conserva-
tion for the LEPR-GRP compared to the LEPR
gene. Finally, a comparison by co-amplification of
LEPR and LEPR-GRP gene transcripts in various
tissues of 3-week old turkey poults indicated that
LEPR-GRP appears to be more highly expressed
than LEPR in all tissues studiedrig. 7). Those
tissues with the highest levels of LEPR expression
(i.e. brain, lung, spleenappeared to have lower
levels of LEPR-GRP expression, whereas, the

Species comparison of leptin recepttwng form) open reading frame. Percentage of nucleotide identities

Size (nt) Humart Pig? Raf Mousé Chicker? Chicker? Turkey’

Humart 3498 100 88 81 81 62 62 63
Pig? 3498 100 80 80 62 61 62
Raf 3489 100 93 60 60 61
Mousé¢ 3489 100 60 60 60
Chicker? 3447 100 99 95
Chickerf 3441 100 94
Turkey’ 3444 100

GenBank Accession Numbers: NM_002363, AF092422, NM_012896, U46135, AB038383, AF169827,

AF321982
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Table 5
Species comparison of leptin recepftong form) open reading frame. Percentage of amino acid identities and conservative changes

Size (ad Humart Pig? Raf Mousé Chicker? Chicker? Turkey
Humart 1165 100 8889) 75(85) 75(84) 48(64) 47(63) 48(64)
Pig? 1165 100 7484) 74(83) 48(65) 47(64) 48(64)
Raf 1162 100 9194) 47(63) 46(63) 47(63)
Mous¢ 1162 100 4763) 46(62) 47(63)
Chicker? 1148 100 9197 92(95)
Chicker? 1146 100 90(93)
Turkey 1147 100

GenBank Accession Numbers: NP_002294, AAC61766, NP_036728, AAC52408, BAA94292, AAF31355, AAG40323

expression of LEPR-GRP appeared to be higher
in liver, a tissue that exhibited a lower level of
LEPR expression as compared to brain, lung or
spleen tissues.

4. Discussion

We have identified and characterized the expres-
sion of a turkey LEPR gene homologue. Based on
translation of the open reading frame derived from
cDNA sequencing, a 129 kDa pre-protein was
predicted to consist of 1147 amino acids that
showed>90% and~ 60% homology at the nucle-
otide level with chicken and typical mammalian
LEPRs, respectively. From RT-PCR analyses, we
concluded that the LEPR gene was expressed in
all tissues examined, including embryonic tissues.

LEPR mRNA was widely detected in tissues of
the turkey with brain, lung and spleen being sites
of relatively high gene expression. Such wide-
spread expression of LEPR in peripheral and cen-
tral nervous system tissues suggested a potentially
important role for leptin in the development of
turkeys and is consistent with the reported pleio-
tropic effects of this polypeptide hormone on a
number of important physiological systems
throughout development(Houseknecht et al.,
1998; Friedman, 2002 The fact that we found
significant expression of LEPR in turkey embry-
onic tissues emphasizes a potential role for the
leptin system in avian embryonic growth and
development. In fact, others have suggested the
importance of the leptifLEPR system to embry-
onic brain growth and development in mice and
pigs (Udagawa et al., 2000; Lin et al., 2001
Moreover, high levels of expression of leptin and
LEPR isoforms in the mouse placenta and fetus
highlight the potential importance of the leptin
system to fetal growth and developméhtoggard
et al., 2000.

In mammals, LEPR gene expression is regulated
by a number of mechanisms, some of which may
be tissue-specifiLee et al., 1996; Tartaglia, 1997;
Chua et al., 1997; Lindell et al., 20R1Alternative
splicing at the 3end of the gene transcript results
in at least five distinct mRNA transcripts in mice
(Ob-R,.») that produce a variety of LEPR protein
isoforms including:(1) the complete protein with
all regions intact(‘b’ or long form); (2) a series
of proteins lacking portions of the intra-cellular
region (‘a’, ‘c’, ‘d’ or short forms); and (3) a
receptor consisting exclusively of the extra-cellular
region (‘e’ or soluble form). The long form of
LEPR has been reported to be capable of full
signal transduction via the JAKSTAT pathways,
whereas the truncated forms exhibit partial or no
signaling capabilitiesBauman et al., 1996; Tar-
taglia, 1997. Because of diminished or lacking
signal transduction, the truncated isoforms of
LEPR have been suggested to have alternative
functions such as uptake, transport or clearance of
leptin from circulation(Tartaglia, 1997. However,
the biological importance of the long form of
LEPR in maintaining body weight and energy
homeostasis has been definitively demonstrated by
the resulting obese phenotyfdiabetic and obege
of mice that produce only truncated forms of LEPR
due to a specific genetiGib/db) mutation(Chen
et al., 1996.

In this study, all tissues examined exhibited
higher expression of totdlcellular) as compared
to the long form of LEPR, which could indicate
the presence of additional LEPR splice variants in
the turkey. Preliminary experimental results from
Northern analysis indicated that two LEPR m-
RNAs of different size may exist in chicken
hypothalamic tissue and suggested that both long
and short forms of the receptor might be present
in birds (Horev et al., 200D It is interesting to
note that the flanking sequence at the point of
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(a) 1 11 21 31 41 51 61 71
consensus WSDWSTP FTT-QDV YFPPKILTSVGSNVSFHCIYKNENQ V SKKIVWW NLAEKIPESQY V DRVSKVTFFNLK
Turkey ..E..PLYNLNVGAE.L...T. ...ttt tennnnnn KTKS.A....... L....ES..... TL.T....... L..
Chicken? ..E...LYNLNVGAE.L...T. ...ttt iinnnn. KT.S.A....... L....E...... TL.N....... L.
Chicken? LELLLLYNLNG.-E.L. . .T. o e e e i e e e i e a KT.S.A....... L....E...... TL.N....... L..
Mouse  ..... S.QV....... Voo iioiinan, Ao IIS..Q Roeoooo I..SI.S........ S..
Rat ... L.QL....... L A..C........ TIS..Q Moo T..NT.S.HI..... S...
pig ...l FT....... I, I..oeeoo.. KI.S....... M....... Q...DV.G.H...... P.MN
Human  ....... RV....... Tt it e e K..KI.P..E Mool Q...DV.S.H......... N

81 91 101 111 121 131 141 151
consensus ATKPRGKFTYDAVYCCN-E ECHHRYAELYVIDVNINISCETDGYLTKMTCRWS N IQSL GSTLQLRYHRSSLYCSD
Turkey  ...... S.FSN.L...HQNR........... Veeoo.. Koo A.PNAL.LW.S........ KI...NF
Chicken' ...... S.F.N.L...HONR........... Veoo.o.. Koo A.PNAL.L..S........ KI...NF
Chicken®  ...... S.F.N.L.. . HONR........... Voo Kooooooooooa A.PNAL.L..S...K..-.KI...NF
Mouse LR L PST VooV R....P.S
Rat LR 0 PST....V...V...... R....P.N
Pig O L R v
Human B 2 TST. AE. i I

161 171 181 191 201 211 221 231
consensus PS P SE K C LQRDGFYEC FQPIFLLSGYTMWIRINHSLGSLDSPPTCV PDSVVKPLPPSNVKAEIT N GLLKV
Turkey ..TP.E..V.E.HF. .NHS...T...V.......... EFK....T.E.S....V.AD........ DI..... R.D...N.
Chicken® ..TP.E..V.E.HF..NHS...T...V.......... ELK T.E.S V.AD......... I..... R.D...N.
Chicken? ..TP.E..V.E.HF..NHS...T...V..... H. ELK. T.E.S WV.AD. o . I..... R.D...N.
Mouse .IH.T..P.N.V......... Y L V.T.....
Rat ..IR.T..L.N.V..T...... 2 L I.T.....
Pig ..VH.I..P.D.Q......... It i Pooiiiii. I... 0. S, AKI. I
Human .IH.I..P.D.Y..S...... Tt i et i i it e e Lo, S...... I.I I

241 251 261 271 281 291 301
consensus SWEKPVFPENNLQFQIRYGLNGKE QWK YEV D K KSASL V DLCAVY VQVRCRRLDGLGYWSNWS
Turkey AN...ANDD.K..... AV.KE.LT.EL...LSVSTR..VIE.-Q..VE.I..I...A....c.cv...

Chicken?® ..TN...TNDD.K..... AV.RE.LT.EL...LSVPTR..VIE.-Q..VE.I..I...A.....vou...
Chicken? ..TN...TNDD.K....CAV.RE.LT.EL...LSVPTR. .VIE.-Q..VE.I..IT...A. .. ... ...
Mouse = e S...I...TH..F.A.S..... L.S...... 2
Rat e e e e i e I...TH..F.A.S..... P.S...... Y2
Pig e e S...V...I...Y.T.L..T..P.P...... A..... Koooooooooon,
Human = ... S...V...M...Y.A.S..V..P.P...... A..... Koo,

(b) 1 11 21 31 41 51 61 71 81
consensus M W PLCRFLWLW YL YVQAVPIQ VQDDTKTLIKTIVTRINDISHTQSVSAKQRVTGLDFIPGLHPILSLSKMDQTLAVYQQ LTSLP
Turkey = = =  —-----mmemmmmmme—e--o L 1 e = Veoo..
Chicken .C.R....-=--..8..V...... [ e e Veoou.

Mouse .C.Rovoin S..S........ Y V.o.o...
Rat C.Revunenn.. S..S....... HK. ottt e et ie e neinenennnn 2 3PP I.....
Pig RCG......... P..S..E....WR.etvtennnnennn. S M S Veeennnnn. I...I.....
Human .H.GT..G..... P..F....... Kottt ittt [ Tt eieiaannn I...M.

91 101 111 121 131 141 151 161
consensus SQNVLQIANDLENLRDLLHLLAFSKSCSLPQTSGL KPESLDGVLEASLYSTEVVALSRLQGSLQDILQQLD SPEC
TULKEY i e et e H.o..oooooont. Lottt it e e e e I....

Chicken = @ i i e e 0 PRI I....
MOUSE ettt et e [ S V....
Rat e S o PPN L....
Pig 10 - O - S....P...ARA.ETL.. .Guureernenennennnnnn A...M.R...L..G.
Human R..I..Sevvinnann. Veeioun. H..WA...ETLD..G...... [ 2 M.W...L..G.

Fig. 3. A species comparison of the amino acid sequence of

the putative leptin-binding region of (&RRd leptin proteingb).

A consensus sequence based on all species presented is also shown. Letters in bold type indicate specific amino acid residues thoug|

to be important in formation of the lepihEPR complex.

divergence for short vs. long forms of LEPR
(amino acid 29 of the intracellular domain located
at the junction of exons 19 and PG conserved
in chickens and turkeys as it is in mammalian
LEPR counterpartéTartaglia, 1997. This strongly

indicates that the same or similar alternative splic-
ing mechanisms involving exon Zthe 3 terminal
exon in long form LEPR transcriptscould also
be active in birds, as observed in mammals, to
generate shortened forms of LEPR. However, to
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Fig. 4. Expression of LEPRrelative to-actin) for different tissues obtained from 3-week old turkey poults. Expression of total cellular
(long+short forms and long form LEPR was determined using the specific PCR primer sets specified in the Materials and Methods
section. Values represent the mea®.D. of five determinations.

date, there have been no definitive reports of the presence of such variant gene transcripts by
specific avian LEPR ‘3alternative splice variants. RT-PCR. Such a procedure was employed in this
Characterization of alternatively splicett8rminal study to exclusively determine and quantify only

exons in reverse transcribed cDNAs would allow long form LEPR transcripts by designing a reverse
for the design of oligonucleotide primer sets that  primer that anneals to sequence in exon 20. Thus,
could be used to specifically detect and quantify  only those transcripts containing thi$ &rminal
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Fig. 5. Expressiorfrelative top-actin) of LEPR (long form) in brain, liver and yolk sac tissues obtained from turkey embryos between
day 14 of incubation and hatchir(glay 28. Values represent the meai$.D. of five determinations.
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Domain 1

1 M A 66 I K A L Vv G L 8 F S8 GG A I G L T F

1 ATGGCGGGTA TCAAAGCTCT CGTGGGGCTG TCCTTCAGCG GAGCCATCGG CCTGACGTTC

27 L M L G ¢C A L E Y Y G V Y W P M F V L I
61 CTCATGCTGG GCTGCGCCCT GGAGTACTAC GGTGTTTACT GGCCTATGTT TGTCTTAATA
Box 1
41 ¥ Y *¥ I ¢ P I P H F I A R R V S D D S D
121 TTTTACTTCA TCTGCCCCAT TCCCCACTTC ATTGCAAGAA GAGTAAGTGA CGACAGCGAT
Domain 2
61 A A S S A C R E L A Y F F T T G I WV V 8§
181 GCAGCCAGCA GTGCCTGCAG GGAACTGGCG TACTTCTTCA CGACTGGAAT TGTTGTTTCT
81 A F G F P I I L A R V E A I K W G A C G
241 GCTTTTGGCT TCCCCATCAT CCTCGCACGG GTCGAAGCGA TCAAATGGGG AGCCTGTGGT
Domain 3

102 L Vv L. A G N A Vv I ¥ L T I L G F F L V F
301 CTGGTGCTGG CTGGCAATGC AGTCATTTTC CTTACTATTT TAGGCTTTTT TCTTGTGTTT
121 G R G D D F S W E Q W *

361 GGTAGAGGAG ATGACTTTAG CTGGGAACAG TGGTAG

Fig. 6. Nucleotide and predicted amino acid sequence of the complete coding region for the turkey LEPR-GRP gene. The position of
conserved box X*PIP*®, JAK-binding motij is indicated by bold and underlined letters in the amino acid sequence. Also, shown

(bold and underlined lettersare 3 domains corresponding to potential membrane spanning regiansmembrane domains

exon were detected. To date, we have not been
successful in detecting any alternativesplicing
using the RACE procedure to amplify cDNA-3
ends. Clearly, more work is required to confirm
these preliminary findings and to determine if
turkey LEPR transcripts are subject to alternative
splicing at their 3end as occurs in mammalian
LEPRs.

Several receptors belonging to the cytokine class
| receptor super-family such as interleukin recep-
tors 1, 3, 11 and the growth hormone receptor
exhibit differing 8-UTRs derived from alternative
promoter regulatory element and initiation codon
usage(Lindell et al., 200). In general, very large
genes encode these types of receptors that contain
multiple first exons distributed over large genomic
regions and are controlled by alternate upstream
regulatory regions(Lindell et al., 200). In the
case of mammalian LEPR genes, splicing does
occur at the 5end of the initial gene transcript
resulting in mMRNAs with alternative’8JTRs that

may be used for tissue-specific regulation of gene
expression or result in the production of a com-
pletely different protein product. One example is
LEPR-GRP which results from a shift in the open
reading frame due to the use of an alternative
initiation codon located in the'8JTR of the LEPR
transcript in combination with splicing of two new
downstream exon$Bailleul et al., 1997; Lindell
et al., 200). The result is a transcript that codes
for a 14-kDa protein completely distinct from
LEPR. Another example is the novel ‘overlapping’
gene transcrip{LEPROTLI highly homologous
to LEPR-GRP. The LEPROTL1 transcript is pro-
duced through use of a promoter shared with LEPR
and an alternative initiation codofiocated in the
5-UTR of LEPR that gives rise to a unique
protein, also of 131 amino acidsl4 kDa), but
different from LEPR-GRRHuang et al., 2001

Our report of a turkey LEPR-GRP is the first
report of the existence of this unique gene tran-
script in birds and indicates the potential for
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Fig. 7. Co-amplification of LEPR and LEPR-GRP in total RNA
samples isolated from different tissues obtained from 3-week
old turkey poults and subjected to RT-PCR. The resulting PCR
products(LEPR, 487 bp amplicon; LEPR-GRP, 389 bp ampli-
con) were separated on a 1.5% agarose gel and stained with
ethidium bromide.

alternative splicing occurring at thé-8nd of the
initial avian LEPR gene transcripts afat alter-
native promoter regulatory element and initiation
codon usage. However, we have thus far, not been
able to confirm the shared use of the first two
exons for LEPR and LEPR-GRP in turkeys as has
been reported in humans and rode(@silleul et

al., 1997; Lindell et al., 2001 Moreover, the exact
mechanisms responsible for the expression of the
turkey LEPR-GRP homologue remain to be elu-
cidated. The apparent inverse relationship in
expression of LEPR and LEPR-GRP in a wide
variety of tissues from 3-week old turkey poults
might suggest the shared use of common genomic
components such as promoter regulatory regions
and/or alternate first exons. However, a more
detailed study of the expression of these transcripts
is needed to confirm the existence of such a
relationship. Because of sequence homology to a
yeast gendVps55p involved in membrane traf-
ficking to the vacuole, it has been suggested that
LEPR-GRP may function in trafficking to the
lysosome in eukaryotic celléBelgareh-Touze et
al., 2002. Our confirmation of a conserved JAK2
binding site (box 1, “®Pro-ILE-Pré®) and the
presence of three transmembrane domains in tur-
key LEPR-GRP(see Fig. 6 are consistent with
such a basic membrane-associated role for this
putative protein in turkeys.
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Molecular modeling of the leptifLEPR com-
plex (Fong et al., 1998; Hiroike et al., 2000; Raver
et al., 2002 and information gathered from in
vitro studies of leptin binding to recombinant
human leptin-binding domaifSandowski et al.,
2002 should aid our understanding of how leptin
signals through its receptor to control feed intake,
energy metabolism and body weight. The key
events leading to leptin-stimulated signaling are
receptor dimerization(Raver et al., 200R and
conformational change(Couturier and Jockers,
2003 caused by binding of the ligand to the extra-
cellular domains of two(dimerized receptors.
Moreover, studies indicating specific aspects of
the structure of the leptin-binding domain and
those amino acid residues crucial to leptin binding
help to explain the efficacy of different recombi-
nant leptin proteins across a range of species. For
example, recombinant chicken, ovine and human
leptin proteins administered via a variety of routes
have proven to be efficacious in suppressing feed
intake in chickengDridi, et al., 2000; Denbow et
al., 2000; Taouis et al., 2001 However, recom-
binant mouse leptin was without effect in broiler
chickens when administered intracerebroventricu-
larly (Bungo et al., 1998 Clearly, understanding
the structure of the avian LEPR and the mechanism
of leptin signaling through this receptor will con-
tribute to an understanding of leptin action in
avian species and provide valuable insight into the
role of this hormone in regulating feed intake and
energy balance in birds. This is especially impor-
tant in light of the uncertainty surrounding the
avian leptin genéFriedman-Einat et al., 1999
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